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Abstract 
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
(CNS) affecting most commonly the Caucasian population. Nitric oxide (NO) is a biological 
signaling and effector molecule and is especially important during inflammation. Inducible 
nitric oxide synthase (iNOS) is one of the three enzymes responsible for generating NO. It has 
been reported that there is an excessive production of NO in MS concordant with an increased 
expression of iNOS in MS lesions. This study investigated the role of a bi-allelic 
tetranucleotide polymorphism located in the promoter region of the human iNOS (NOS2A) 
gene in MS susceptibility. A group of MS patients (n = 101) were genotyped and compared to 
an age- and sex-matched group of healthy controls (n = 101). The MS group was subdivided 
into three subtypes, namely relapsing-remitting MS (RR-MS), secondary-progressive MS 
(SP-MS) and primary-progressive MS (PP-MS). Results of a chi-squared analysis and a 
Fisher’s exact test revealed that allele and genotype distributions between cases and controls 
were not significantly different for the total population ( 2 = 3.4, Pgenotype = 0.15; 2 = 3.4, 
Pallele = 0.082) and for each subtype of MS (P > 0.05). This suggests that there is no direct 
association of this iNOS gene variant with MS susceptibility.  
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1. Introduction 
Multiple sclerosis (MS) is a serious disabling neurological disorder affecting young 
Caucasian individuals, with an age of onset typically ranging from 18 to 40 years. Females 
account for approximately 60% of MS cases [27.] with the incidence of MS in Northern 
Europe, Canada, and the Northern United States being approximately 10 new cases per year 
per 100,000 persons (between the ages of 20 and 50 years). With the exception of trauma, MS 
remains the most frequent cause of neurological disability for young adults. The central 
nervous system (CNS) in MS is affected with patches of myelin degeneration produced by 
multifocal inflammatory events. The disease is disseminated in time and space, with MS 
classified into types, based on the clinical course namely relapsing-remitting MS (RR-MS), 
secondary-progressive MS (SP-MS), and primary-progressive MS (PP-MS) [25.]. Studies 
indicate that MS has a genetic component with 30% of monozygotic twins developing the 
disease compared to only 4.7% in dizygotic twins [24.]. The HLA gene complex has been 
shown to be associated with MS [9.], but the HLA contribution does not appear to explain all 
the susceptibility. Other genes have been found to be related with disease severity including 
the interleukin-1 receptor antagonist (IL-1ra) gene [7.], and Fc-receptor (Fc R) genes [19.]. 
Nitric oxide (NO) is a free radical agent with wide biological functions. It is produced by a 
group of enzymes called nitric oxide synthase (NOS). NOS catalyses the production of NO 
and -citrulline from -arginine, O2 and NADPH. There are three isoforms of NOS: neuronal 
NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS). The last isoform is a 
calcium independent enzyme responsible for producing high output and long-lasting release 
of NO, exceeding the NO production level of nNOS and eNOS isoforms. Expression of iNOS 
is under the regulation of several cytokines such as interferon gamma (IFN- ), tumor necrosis 
factor (TNF- ), and interleukin 1 beta (IL-1 ) [10.] and its function is part of the 
macrophage-mediated response to infectious agents. Activated macrophages residing within 
MS brain lesions have been demonstrated [1.]. Within the cerebrospinal fluid (CSF), NO 
products have been found at a higher concentration in MS patients compared to healthy 
control subjects [20.]. Furthermore, increased iNOS activity has been detected in the CSF of 
MS patients with high NO concentration levels correlating with disease activity [6. and 8.]. In 
animals with experimental allergic encephalomyelitis (EAE), a model of MS, increased CNS 
mRNA levels of iNOS have been demonstrated along with high levels of cytokines, 
particularly involved in iNOS activation [23.]. Interestingly, this up-regulation of iNOS in 
EAE is concomitant with a decrease in Ca2+-dependent NOS activity of eNOS and nNOS 
[26.]. In a human MS study, iNOS mRNA and iNOS enzymatic activity have been detected in 
MS plaque lesions [15.]. Inducible NOS activity resides in activated and differentiated 
monocytes in MS patients suggesting a role for monocyte iNOS in the autoimmune response 
underlying disease pathogenesis [16.]. The activity of iNOS has detrimental effects on 
oligodendrocytes, cells responsible for the myelination of neurons in the CNS [17.]. 
Nitric oxide might play a critical role in the pathogenesis of MS, and alterations of the iNOS 
gene could possibly have an impact on the disease. The human iNOS (NOS2A) gene has been 
localized to chromosome 17q11-2-q12, a locus close to a region linked with MS on 
chromosome 17q21-q22 [11.]. The gene consists of 27 exons and is about 40 kb in length 
[28.]. To determine the possible involvement of polymorphisms of iNOS in the pathogenesis 
of MS, a bi-allelic tetranucleotide polymorphism in the promoter region of the human iNOS 
gene has been examined by employing an association study approach in a group of MS 
patients and age/sex-matched controls. 
2. Materials and methods 
2.1. Subjects 
The study protocol was approved by Griffith University’s Ethics Committee for 
experimentation on humans. The case-control sample consisted of 101 MS patients and 101 
healthy controls, matched for ethnicity (Caucasian), sex and age (±5 years). The MS patients 
were recruited from the Multiple Sclerosis Clinic at the Royal Brisbane and Women’s 
Hospital, all from the South East Queensland region. The MS group consisted of 74% females 
and 26% males and was subdivided into three clinical subtypes: RR-MS, SP-MS, and PP-MS 
with frequencies of 42, 35, and 24%, respectively. The control group was also obtained from 
the South East Queensland region through the Genomics Research Centre, Southport, with 
each control age (±5 years), sex, and ethnicity matched to the affected population. All 
individuals gave informed consent before participating in the research. Genomic DNA was 
extracted from peripheral blood using a standard salting-out protocol. 
2.2. Genotyping 
DNA was extracted from frozen whole blood by a standard salting-out procedure and used as 
a template to generate polymerase chain reaction (PCR) products for genotyping. Within the 
5′-flanking DNA of the iNOS gene there is a AAAT/AAAAAT repeat sequence extending 
from −756 to −716 bp 5′ to the main TATA-directed transcription initiation site [22.]. Primers 
specific for this bi-allelic tetranucleotide repeat polymorphism located between −891 to 
−575 bp of the iNOS gene were used to perform PCR (5′-TGG TGC ATG CCT GTA GTC C-
3′ for the forward primer and 5-GAG GCC TCT GAG ATG TTG GTC-3′ for the reverse 
primer) [3.]. They were purchased from GeneWorks. The forward primer was fluorescently 
labeled with 5-carboxyfluorescein (FAM) dye. The PCR was performed with a PCR 
thermocycler machine (Gene Amp PCR System 9700; Applied Biosystems) with the 
following singleplex reaction: 1 unit of Taq polymerase, 0.2 M of each primers, 7.5 l of 
buffer (MasterAmp™ 2X PCR PreMix K), 25 ng of genomic DNA made to a final volume of 
15 l with sterile distilled water. The cycle parameters were as follows: 1 cycle at 94 °C for 
4 min, followed by 40 cycles for 1 min at 94 °C and 1 min at 60 °C, and 1 cycle for final 
extension for 2 min at 72 °C. 
All PCR products were then electrophoresed in ethidium-bromide-stained 2% agarose gels. 
Capillary electrophoresis was performed on an ABI 310 Genetic Analyser. Results were 
analyzed using GENOTYPER® software (Version 2.1; PE Biosystems). The accuracy and 
reproducibility of automated sizing of the fragments were confirmed by randomly chosen 
repeated analyses of identical samples. 
2.3. Statistical analysis 
Allele and genotype frequencies were compared using standard chi-square (independence) 
analysis and the Fisher’s exact test, implemented in the SPSS program. Power estimates 
indicated that if the iNOS tetranucleotide polymorphism were to directly confer a two-fold 
increase in relative risk of MS, the case and control groups used in this study were of 
sufficient size to have >80% power to detect a significant association at the 0.05 level. 
3. Results 
The size of the DNA fragments amplified for the iNOS variant were 313 and 317 bp 
corresponding to the two alleles: no insertion (n) and insertion (i). Results for genotype and 
allele frequencies are provided in Table 1 and Table 2. Genotype frequencies for the control 
and the MS groups conformed to Hardy Weinberg equilibrium expectations reducing the risk 
of error during genotyping. The proportion of the alleles for the control population was 
similar to others found in independent studies [13. and 18.].  
Table 1. Genotype frequencies of iNOS insert in Australian multiple sclerosis patients and 
controls  
 
 
 
Allele: n, no AAAT insert; i, presence of the AAAT insert. 
a Fisher’s exact test. 
 
Table 2.  Allele frequencies of iNOS insert in Australian multiple sclerosis patients and 
controls  
 
 
 
Allele: n, no AAAT insert; i, presence of the AAAT insert; 
Results for the Fisher’s exact test and the chi squared analysis indicate that there is no 
significant difference between MS patients and the control population, either for genotype 
frequencies (P = 0.15) or for allele frequencies ( 2 = 3.03, P = 0.0819). 
 
Table 3. Genotype frequencies of iNOS insert for different subtypes of MS in Australian 
multiple sclerosis patients and controls  
 
 
Fisher’s exact test. 
  *P=0.44 
  **P=0.77 
  ***P=0.46 
 
Table 4. Allele frequencies of iNOS insert for different subtypes of MS in Australian multiple 
sclerosis patients and controls 
 
 
Fisher’s exact test. 
  *P=0.35 
  **P=0.59 
  ***P=0.49 
 
Results for the Fisher’s exact test showed no significant differences between the subtypes of 
MS and the control population for both genotype frequencies or for allele frequencies (Tables 
3 and 4). 
4. Discussion 
MS is a complex neurological disease, with genetic factors believed to play a significant role 
in susceptibility. Several genes have been found to be associated with the disease including 
the Human Leukocyte Antigen (HLA) haplotypes, HLA DRB1*1501, DQA1*0102, DQB1 
0602 [9.], the Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) gene [14.], and the 
osteopontin (OPN) gene [21.]. Infiltrating macrophages within MS plaque lesions produce 
NO products generated by iNOS gene activity. In the present study, we investigated a 
tetranucleotide repeat polymorphism in the iNOS gene promoter in patients with different 
subgroups of MS and compared it with the genotypes of healthy controls with no history of 
MS. This study indicated no association of the tested iNOS polymorphism in an Australian 
MS population. Our findings support those obtained in studies on an ethnically-different 
Swedish population [18.] and Spanish population [4.], which showed no linkage or 
association of the same iNOS promoter marker polymorphism with MS. Despite these 
findings, it is still possible that NOS is implicated in MS susceptibility. NO is a potent 
mediator of inflammatory responses and can lead to the formation of new epitopes by S-
nitrosylation of cysteine residues of myelin proteins in MS plaques. Antibodies for such 
epitopes were found in different clinical forms of MS [5.]. Furthermore, IFN- , a drug used 
for MS therapy, is thought to be a selective inhibitor of human glial iNOS [12.]. Although the 
iNOS tetranucleotide promoter polymorphism did not show association with MS in the 
present study, it is possible that an alteration of iNOS gene activity through mutation or 
polymorphism may still contribute to MS susceptibility. Interestingly, very recent single 
nucleotide polymorphism studies in MS using pedigree disequilibrium test data have provided 
some evidence for NOS2A (iNOS) involvement, and linkage between a different NOS2A 
promoter polymorphism marker (CCTTT)n and MS DR2 positive families was also 
demonstrated [2.].  
 
Acknowledgements  
This work was supported by funding from the Griffith University Research Scheme, the 
Rebecca L. Cooper Foundation and a Lindsay Yeo Research Scholarship for L. Tajouri. Dr 
Rod Lea is supported by an NHMRC "CJ Martin" Research Fellowship. The research 
undertaken in this article complies with the Australian ethics standards and was approved by 
the Griffith University Ethics Committee.  
 
References 
1. K.E. Balashov, J.B. Rottman, H.L. Weiner and W.W. Hancok, CCR5(+) and CXCR3(+) T 
cells are increased in multiple sclerosis and their ligands MIP-1alpha and IP-10 are expressed 
in demyelinating brain lesions. Proc. Natl. Acad. Sci. U.S.A. 96 12 (1999), pp. 6873–6878.  
2. L.F. Barcellos, A.B. Begovich, S.J. Caillier, S. Schmidt, D. Brassat, B.A.C. Cree, L. 
Steiner, M.A. Pericak-Vance, J.L. Haines, H.A. Erlich, R. Reynolds, S.L. Hauser, J.R. 
Oksenberg, MS Genetics Group. Linkage and association to the NOS2A locus on ch.17q11 in 
multiple sclerosis (MS). In: The American Society of Human Genetics 53rd Annual Meeting, 
November 2003. 
3. R. Bellamy and A.V. Hill, Bi-allelic tetranucleotide repeat in the promoter of the human 
inducible nitric oxide synthase gene. Clin. Genet. 52 3 (1997), pp. 192–193.    
4. Y. Blanco, J. Yague, F. Graus and A. Saiz, No association of inducible nitric oxide 
synthase gene (NOS2A) to multiple sclerosis. J. Neurol. 250 5 (2003), pp. 598–600.  
5. A.I. Boullerne, K.G. Petry, M. Meynard and M. Geffard, Indirect evidence for nitric oxide 
involvement in multiple sclerosis by characterization of circulating antibodies directed against 
conjugated S-nitrosocysteine. J. Neuroimmunol. 60 1/2 (1995), pp. 117–124.  
6. V. Calabrese, G. Scapagnini, A. Ravagna, R. Bella, R. Foresti, T.E. Bates, A.M. Guiffrida 
Stella and G. Pennisi, Nitric oxide synthase is present in the cerebrospinal fluid of patients 
with active multiple sclerosis and is associated with increases in cerebrospinal fluid protein 
nitrotyrosine and S-nitrosothiols and with changes in glutathione levels. J. Neurosci. Res. 70 4 
(2002), pp. 580–587.  
7. J.B. Crusius, A.S. Pena, B.W. Van Oosten, G. Bioque, A. Garcia, C.D. Dijkstra and C.H. 
Polman, Interleukin-1 receptor antagonist gene polymorphism and multiple sclerosis. Lancet 
346 8980 (1995), p. 979.  
8. A.I. Danilov, M. Andersson, N. Bavand, P. Wiklund, T. Olsson and L. Brundin, Nitric 
oxide metabolite determinations reveal continuous inflammation in multiple sclerosis. J. 
Neuroimmunol. 136 1-2 (2003), pp. 112–118.  
9. A. Fogdell-Hahn, A. Ligers, M. Gronning, J. Hillert and O. Olerup, Multiple sclerosis: a 
modifying influence of HLA class I genes in an HLA class II associated autoimmune disease. 
Tissue Antigens 55 2 (2000), pp. 140–148.  
10. U. Fostermann and H. Kleinert, Nitric oxide synthase: expression and expressional control 
of three isoforms. Naunyn. Schmiedebergss. Arch. Pharmacol. 352 4 (1995), pp. 351–364. 
11. GAMES and the Transatlantic Multiple Sclerosis Genetics Cooperative, A meta-analysis 
of whole genome linkage screens in multiple sclerosis, J Neuroimmunol. 143 (2003) 39–46. 
12. L.L. Hua, J.S. Liu, C.F. Brosnan and S.C. Lee, Selective inhibition of human glial 
inducible nitric oxide synthase by interferon-beta: implications for multiple sclerosis. Ann. 
Neurol. 43 3 (1998), pp. 384–387.    
13. R.A. Lea, R.P. Curtain, A.G. Shepherd, P.J. Brimage and L.R. Griffiths, No evidence for 
involvement of the human inducible nitric oxide synthase (iNOS) gene in susceptibility to 
typical migraine. Am. J. Med. Genet. 105 1 (2001), pp. 110–113.  
14. A. Ligers, C. Xu, S. Saarinen, J. Hillert and O. Orelup, The CTLA-4 gene is associated 
with multiple sclerosis. J. Neuroimmunol. 97 1/2 (1999), pp. 182–190.  
15. J.S. Liu, S.C. Lee, L. Battistini and C.F. Brosnan, Expression of inducible nitric oxide 
synthase and nitrotyrosine in multiple sclerosis lesions. Am. J. Pathol. 158 6 (2001), pp. 
2057–2066.  
16. N. López-Moratalla, A. González, M.S. Aymerich, M.J. López-Zabalza, R. Pío, P. de 
Castro and E. Santiago, Monocyte inducible nitric oxide synthase in multiple sclerosis: 
regulatory role of nitric oxide. NITRIC OXIDE: Biol. Chem. 1 (1996), pp. 95–104. 
17. J.E. Merrill, L.J. Ignarro, M.P. Sherman, J. Melinek and T.E. Lane, Microglial cell 
cytotoxicity of oligodendrocytes is mediated through nitric oxide. J. Immunol. 151 4 (1993), 
pp. 2132–2141.  
18. H. Modin, Y. Dai, T. Masterman, A. Svejgaard, P.S. Sørensen, A. Oturai, L.P. Ryder, A. 
Spurkland, F. Vartdal, M. Laaksonen, M. Sandberg-Wollheim, K.M. Myhr, H. Nyland and J. 
Hillert, No linkage or association of nitric oxide synthase genes to multiple sclerosis. J. 
Neuroimmunol. 119 (2001), pp. 95–100.  
19. K.M. Myhr, G. Raknes, H. Nyland and C. Vedeler, Immunoglobulin G Fc-receptor 
(FcgammaR) IIA and IIIB polymorphisms related to disability in MS. Neurology 52 9 (1999), 
pp. 1771–1776.   
20. B. Nazliel, T.D. Taskiran, C. Irkec, F. Kutay and S. Pogun, Serum nitric oxide metabolites 
in patients with multiple sclerosis. J. Clin. Neurosci. 9 5 (2002), pp. 530–532.  
21. M. Niino, S. Kikuchi, T. Fukazawa, I. Yabe and K. Tashiro, Genetic polymorphisms of 
osteopontin in association with multiple sclerosis in Japanese patients. J. Neuroimmunol. 136 
1/2 (2003), pp. 125–129.  
22. Y. Nunokawa, N. Ishida and S. Tanaka, Promoter analysis of human inducible nitric oxide 
synthase gene associated with cardiovascular homeostasis. Biochem. Biophys. Res. Commun. 
200 2 (1994), pp. 802–807.  
23. Y. Okuda, Y. Nakatsuji, H. Fujimura, H. Esumi, T. Ogura, T. Yanagihara and S. Sakpda, 
Expression of the inducible isoform of nitric oxide synthase in the central nervous system of 
mice correlates with the severity of actively induced experimental allergic encephalomyelitis. 
J. Neuroimmunol. 62 1 (1995), pp. 103–112.  
24. A.D. Sadovnick, H. Amstrong, G.P. Rice, D. Bulman, L. Hashimoto, D.W. Paty, S.A. 
Hashimoto, S. Warren, W. Hader, T.J. Murray, T.P. Seland, L. Metz, R. Bell, P. Duquette, T. 
Gray, R. Nelson, B. Weinshenker, D. Brunet and G.C. Ebers, A population-based study of 
multiple sclerosis in twins: update. Ann. Neurol. 33 3 (1993), pp. 281–285.  
25. M. Storch and H. Lassmann, Pathology and pathogenesis of demyelinating diseases. Curr. 
Opin. Neurol. 10 3 (1997), pp. 186–192.  
26. S.A. Teixeira, G.M. Castro, F. Papes, M.L. Martins, F. Rogério, F. Langone, L.M.B. 
Santos, P. Arruda, G. de Nucci and M.N. Muscará, Expression and activity of nitric oxide 
synthase isoforms in rat brain during the development of experimental allergic 
encephalomyelitis. Brain Res. Mol. Brain Res. 99 1 (2002), pp. 17–25.  
27. B.G. Weinshenker, Natural history of multiple sclerosis. Ann. Neurol. 36 Suppl (1994), 
pp. S6–S11.  
28. W. Xu, I.G. Charles, L. Liu, S. Moncada and P. Emson, Molecular cloning and structural 
organization of the human inducible nitric oxide synthase gene (NOS2). Biochem. Biophys. 
Res. Commun. 219 3 (1996), pp. 784–788.  
 
